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(54) ULTRASONICVIBRATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an ultrasonic 
vibrator that allows tine tliickness of beams in each 
direction to differ without using any horns. 
SOLUTION: In a cylindrical case 1 in nearly a cylindrical 
shape, its one end face 1b is open, a piezoelectric 
element 2 is applied to nearly the central part inside the 
cylindrical case 1 on the other end face for arrangement 
as a vibration surface 1a, and ultrasonic waves are 
transmitted and received from the vibration surface la. 
On the vibration surface la, circular arc-shaped 
openings 3 and 3 with a length A1 in parallel with each 
one center line PI and with a length B1 in a direction 
that orthogonally crosses the direction of the length A1 
are provided at a position that is located outside the 
position where the piezoelectric element 2 is provided and is symmetrical with the center line 
P1 passing through a center P of the vibration surface la as a center. 
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(54) ULTRASONICVIBRATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an ultrasonic vibrator that allows the 
thickness of beams in each direction to differ without using any horns. 
SOLUTION: In a cylindrical case 1 in nearly a cylindrical shape, its one end face 
1b is open, a piezoelectric element 2 is applied to nearly the central part inside 



the cylindrical case 1 on the other end face for arrangement as a vibration 
surface 1a, and ultrasonic waves are transmitted and received from the vibration 
surface 1a. On the vibration surface 1a, circular arc-shaped openings 3 and 3 
with a length A1 in parallel with each one center line PI and with a length B1 in a 
direction that orthogonally crosses the direction of the length A1 are provided at a 
position that is located outside the position where the piezoelectric element 2 is 
provided and is symmetrical with the center line P1 passing through a center P of 
the vibration surface la as a center. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the ultrasonic vibrator characterized by to have opening in the 
location which becomes symmetrical as a core about the center line passing 
through each core of a field that the shaft and said tubed case cross at right 
angles in the ultrasonic vibrator which an end side carries out opening, and 
prepares a piezoelectric device in the tubed case inside abbreviation center 
section, makes the other end side of the tubed case where the other end side 
was blockaded a plane of vibration, and performs wave transmission and wave- 
receiving of a supersonic wave. 

[Claim 2] Said opening is an ultrasonic vibrator according to claim 1 

characterized by being formed in said plane of vibration. 

[Claim 3] Said opening is an ultrasonic vibrator according to claim 1 

characterized by being formed in the side face of said tubed case. 

[Claim 4] Said opening is an ultrasonic vibrator according to claim 1 

characterized by being applied and formed in the side face of said tubed case 

from said plane of vibration. 

[Claim 5] An ultrasonic vibrator given in either of claim 1 to claims 4 
characterized by changing said center line and parallel lay length of said opening, 
and adjusting the directional characteristics of a supersonic wave. 
[Claim 6] An ultrasonic vibrator given in either of claim 1 to claims 4 
characterized by changing the lay length which intersects perpendicularly with 



said center line of said opening, and adjusting the directional characteristics of a 
supersonic wave. 

[Claim 7] It is the ultrasonic vibrator which an end side carries out opening, and 
prepares a piezoelectric device in the tubed case inside abbreviation center 
section, makes the other end side of the tubed case where the other end side 
was blockaded a plane of vibration, and is characterized by said plane of 
vibration having a thin-walled part with thin thickness in the location which 
becomes symmetrical centering on the center line passing through the core in 
the ultrasonic vibrator which performs wave transmission and wave-receiving of a 
supersonic wave. 

[Claim 8] the configuration inside [ said / tubed case ] said plane of vibration is 
prolonged in the formation direction in which said thin-walled part is formed to the 
center line of said plane of vibration - mutual - abbreviation - the ultrasonic 
vibrator according to claim 7 characterized by being the configuration which has 
two parallel straight lines. 

[Claim 9] The ultrasonic vibrator according to claim 8 characterized by being said 
more than parallel lay length of said plane of vibration which has said center line 
and parallel lay length of said thin-walled part between each thin-walled part 
prepared in said location which becomes symmetrical. 
[Claim 10] Said thin-walled part is an ultrasonic vibrator according to claim 7 
characterized by being the configuration to which width efface becomes narrow 
toward the depth direction. 

[Claim 1 1] Said thin-walled part is an ultrasonic vibrator given in either of claim 7 
to claims 10 characterized by being prepared inside said tubed case of said 
plane of vibration. 

[Claim 12] Said thin-walled part is an ultrasonic vibrator given in either of claim 7 
to claims 10 characterized by being prepared in the outside of said tubed case of 
said plane of vibration. 

[Claim 13] Said thin-walled part is an ultrasonic vibrator given in either of claim 7 
to claims 10 characterized by being prepared in both the inside of said tubed 



case of said plane of vibration, and the inside. 

[Claim 14] the configuration of said tubed case outside of said plane of vibration 
is prolonged in the formation direction in which said thin-walled part is formed to 
the center line of said plane of vibration - mutual - abbreviation - the ultrasonic 
vibrator according to claim 7 characterized by being the configuration which has 
two parallel straight lines. 

[Claim 15] An ultrasonic vibrator given in either of claim 1 to claims 14 
characterized by manufacturing said tubed case by the forging process. 
[Claim 16] An ultrasonic vibrator given in either of claim 1 to claims 15 
characterized by preparing the level difference section in the side face of said 
tubed case so that the direction of said end side side which carried out opening 
may become [ the thici^ness of the outer wall of said tubed case side face ] 
thicker than said plane-of-vibration side. 

[Claim 17] Said level difference section is an ultrasonic vibrator given in either of 
claim 1 to claims 16 characterized by being a taper configuration. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ultrasonic vibrator of the 
ultrasonic sensor which receives the reflected wave from an obstruction and 
detects existence of an obstruction while transmitting an ultrasonic signal. 
[0002] 

[Description of the Prior Art] As an ultrasonic sensor which performs the 
conventional obstruction detection, from an ultrasonic sensor, an ultrasonic pulse 
is sent into air, is reflected in obstructions, such as a detection object object, an 
ultrasonic sensor receives the reflected wave, the input signal is processed, and 
it has composition which emits an alarm etc. The ultrasonic vibrator which has 
sent and received the supersonic wave of the above-mentioned ultrasonic sensor 
is a configuration as shown in the front view of drawing 14 (a), and the side-face 
sectional view of drawing 14 (b). The piezoelectric device 52 stuck on the tubed 
case 51 inside with adhesives is formed, and the field by the side of the tubed 
case 51 other end of the hollow in which the end side carried out opening has 
become plane-of-vibration 51a, and transmits and receives an ultrasonic signal. 
Acoustic material 53 is arranged at the side stuck on the above-mentioned plane- 
of-vibration 51a of a piezoelectric device 52. The lead wire 54 connected to the 
piezoelectric device 52 and the tubed case 51 and the shielding wire 56 which 
transmits the signal outputted and inputted from the control circuit side which is 
not illustrated are connected with the terminal substrate 55. Moreover, the interior 
of this tubed case 51 is filled up with the filler 57. 

[0003] however - this ultrasonic vibrator - plane-of-vibration 51a - circular - 
since thickness Is fixed - the ultrasonic vibrator itself - in view of an ultrasonic 
vibrator - all the directions - abbreviation - it becomes uniform directivity. 
Although the ultrasonic vibrator of the obstruction detection for cars is attached in 
the bumper of a car etc., detection area of the longitudinal direction of the 
ultrasonic vibrator when attaching in a car is made large in order to detect 
existence of an obstruction, and it is necessary to narrow detection area of a 



lengthwise direction in order to prevent detection of the unnecessary body on a 
road surface. Therefore, it is as perpendicular as a horizontal direction and the 
directivity from which the size of the beam of the supersonic wave of an 
ultrasonic vibrator differs is needed. Therefore, in the conventional ultrasonic 
vibrator, the horn 58 needed to be formed through maintenance rubber 59, and 
beam control of a supersonic wave needed to be performed. The horn 58 is 
performing beam control from the opening 60 which has diameter-medlanus 58a, 
transverse-diameter 58b, and depth 58c, as shown in drawing 15 (a) and (b). 
[0004] 

[Problem(s) to be Solved by the Invention] In the ultrasonic vibrator which has 
such a horn 58, during car transit etc., storm sewage may enter, or the interior of 
a horn 58 may tend to be covered with snow, dust, etc., the beam of a 
supersonic wave may change by that cause, and the detection area of the object 
of an obstruction etc. may change. Moreover, although the thing included in the 
horn 58 interior was detected and there was no detection object object in 
detection area, there was a problem which incorrect-detects it. And since the 
hole of a projection and horn 58 the very thing existed [ a horn 58 ] from a 
bumper side again in order to attach an ultrasonic vibrator in a bumper etc., there 
was a problem that an exterior was not good, either. Thus, in order to make the 
size of the beam of an ultrasonic vibrator differ, the problem described above 
when the horn was used occurred. 

[0005] In view of the above-mentioned reason, it succeeds in this invention, and 
is in the purpose offering the ultrasonic vibrator which can differ the directional 
characteristics of the beam of a supersonic wave, without using a horn. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, invention of claim 1 In the ultrasonic vibrator which an end side carries 
out opening, and prepares a piezoelectric device in the tubed case inside 
abbreviation center section, makes the other end side of the tubed case where 
the other end side was blockaded a plane of vibration, and performs wave 



transmission and wave-receiving of a supersonic wave Said tubed case is 
characterized by having opening in the location which becomes symmetrical as a 
core about the center line passing through each core of the field which intersects 
perpendicularly with the shaft. Therefore, since vibration of the direction which 
intersects perpendicularly with the center line of a plane of vibration has opening 
in the both ends, it vibrates so that the part which carries out flat-surface vibration 
may become large in the direction which rigidity becomes weak, becomes easy 
to vibrate and intersects perpendicularly with a plane of vibration compared with 
a center line and a parallel vibration. Consequently, it becomes possible to 
compare horizontally, to make a vertical beam sharp and to make objective 
detection area small, and an ultrasonic vibrator can form directional 
characteristics with different directivity. 

[0007] Moreover, invention of claim 2 is characterized by forming said opening in 
said plane of vibration in invention according to claim 1 . Therefore, the same 
effectiveness as claim 1 is acquired. 

[0008] Moreover, it is characterized by for invention according to claim 1 setting 
invention of claim 3, and forming said opening in the side face of said tubed case. 
Therefore, while the same effectiveness as claim 1 is acquired, in order not to 
prepare opening in a plane of vibration, it can arrange, without restricting the 
magnitude and the location of a piezoelectric device, and an appearance also 
becomes good. 

[0009] Moreover, invention of claim 4 is characterized by being formed in the side 
face of said tubed case from said plane of vibration, applying said opening in 
invention according to claim 1. Therefore, large opening can be taken, and in 
performing wave transmission of a supersonic wave, and wave-receiving, since 
the rigidity of the formation direction which formed opening to the center line of a 
plane of vibration can be weakened, the different directivity of the directional 
characteristics of a beam can be improved. 

[0010] Moreover, invention of claim 5 is characterized by changing said center 
line and parallel lay length of said opening, and adjusting the directional 



characteristics of a supersonic wave in invention given in either of claim 1 to 
claims 4. Therefore, the directional characteristics of a supersonic wave can be 
changed. 

[0011] Moreover, invention of claim 6 is characterized by changing the lay length 
which intersects perpendicularly with said center line of said opening, and 
adjusting the directional characteristics of a supersonic wave in invention given in 
either of claim 1 to claims 4. Therefore, the directional characteristics of a 
supersonic wave can be changed. 

[0012] Moreover, an end side carries out opening of the invention of claim 7, a 
piezoelectric device is prepared in the tubed case inside abbreviation center 
section, the other end side of the tubed case where the other end side was 
blockaded is made into a plane of vibration, and said plane of vibration is 
characterized by having a thin-walled part with thin thickness in the location 
which becomes symmetrical centering on the center line passing through the 
core in the ultrasonic vibrator which performs wave transmission and wave- 
receiving of a supersonic wave. Therefore, since vibration of the direction which 
intersects perpendicularly with the center line of a plane of vibration has a thin- 
walled part in the both ends, it vibrates so that the part which carries out flat- 
surface vibration may become large in the direction which rigidity becomes weak, 
becomes easy to vibrate and intersects perpendicularly with a plane of vibration 
compared with a center line and a parallel vibration. Consequently, it becomes 
possible to compare horizontally, to make a vertical beam sharp and to make 
objective detection area small, and an ultrasonic vibrator can form directional 
characteristics with different directivity. 

[0013] in invention according to claim 7, as for invention of claim 8, the 
configuration inside [ said / tubed case ] said plane of vibration is prolonged by 
said thin-walled part in the formation direction currently formed to the center line 
of said plane of vibration - mutual - abbreviation - it is characterized by being 
the configuration which has two parallel straight lines. Therefore, a center line 
and the beam of a horizontal supersonic wave can be made thick, and the 



different directivity of the directional characteristics of the beam of a supersonic 
wave can be improved. 

[0014] Moreover, invention of claim 9 is characterized by being said more than 
parallel lay length of said plane of vibration which has said center line and 
parallel lay length of said thin-walled part between each thin-walled part prepared 
in said location which becomes symmetrical in invention according to claim 8. 
Therefore, a center line and the beam of a vertical supersonic wave can be made 
thick, and the different directivity of the directional characteristics of the beam of 
a supersonic wave can be improved. 

[0015] Moreover, invention of claim 10 is characterized by said thin-walled part 
being a configuration to which width efface becomes narrow toward the depth 
direction in invention according to claim 7. Therefore, in manufacture of a tubed 
case, a thin-walled part can be easily formed with a sufficient precision in plastic 
working. 

[0016] Moreover, invention of claim 11 is characterized by preparing said thin- 
walled part inside said tubed case of said plane of vibration in invention given in 
either of claim 7 to claims 10. Therefore, the appearance of a tubed case 
becomes good. 

[0017] Moreover, invention of claim 12 is characterized by preparing said thin- 
walled part in the outside of said tubed case of said plane of vibration in invention 
given in either of claim 7 to claims 10. Therefore, after filling up the interior of a 
tubed case with a filler, the die length of a thin-walled part, the depth, and a 
number can adjust the vibrational state of a plane of vibration to arbitration. 
[0018] Moreover, invention of claim 13 is characterized by preparing said thin- 
walled part in both the inside of said tubed case of said plane of vibration, and 
the inside in invention given in either of claim 7 to claims 10. Therefore, the 
vibrational state which serves as a target of a plane of vibration by the thin-walled 
part prepared inside can be formed, the vibrational state after manufacture of an 
ultrasonic vibrator can be finely tuned by the outside thin-walled part, since an 
outside thin-walled part is formed for fine tuning, the magnitude can be made 



small and an appearance becomes good. 

[0019] moreover, In Invention according to claim 7, as for invention of claim 14. 
the configuration of said tubed case outside of said plane of vibration is 
prolonged by said thin-walled part in the formation direction currently formed to 
the center line of said plane of vibration - mutual - abbreviation - it is 
characterized by being the configuration which has two parallel straight lines. 
Therefore, since thickness of the maintenance rubber holding a tubed case can 
be enlarged in case the center line of said tubed case and parallel width of face 
become narrow and an ultrasonic vibrator is attached in the bumper of a car, the 
effect on [ from the bumper installation section ] a plane of vibration is mitigable. 
Moreover, the formation direction of a thin-walled part can be known from the 
appearance of a tubed case. 

[0020] Moreover, invention of claim 15 is characterized by manufacturing said 
tubed case by the forging process in invention given in either of claim 1 to claims 
14. Therefore, the manufacturing cost of a tubed case is reducible. 
[0021] Moreover, in invention given in either of claim 1 to claims 15, invention of 
claim 16 is characterized by preparing the level difference section in the side face 
of said tubed case so that the direction of said end side side which carried out 
opening may become [ the thickness of the outer wall of said tubed case side 
face ] thicker than said plane-of-vibration side. Therefore, while being able to 
make small the appearance when attaching an ultrasonic vibrator in the bumper 
of a car, the rigidity of a tubed case can vibrate strength and a plane of vibration 
more greatly with the outer wall with which the thickness by the side of the end 
side which carried out opening became thick. 

[0022] Moreover, invention of claim 17 is characterized by said level difference 
section being a taper configuration in invention given in either of claim 1 to claims 
16. Therefore, manufacture by forging of a tubed case is attained and a 
manufacturing cost can be reduced. 
[0023] 

[Embodiment of the Invention] (Operation gestalt 1) Drawing 1 is drawing 



showing the operation gestalt 1 of the ultrasonic vibrator of this invention, and (a) 
is [ a side-face sectional view and (c of a front view and (b)) ] rear view. The end 
side 1cis carrying out opening of the approximately cylindrical tubed case 1 , it is 
blockaded, an other end side sticks and arranges a piezoelectric device 2 in the 
abbreviation center section of the tubed case 1 inside, and it is setting it to plane- 
of-vibration 1a. While the lead wire 4 with which a signal is outputted and 
inputted from an external circuit is connected with the tubed case 1 at each of a 
piezoelectric device 2, vibrating a piezoelectric device 2 based on the inputted 
signal and transmitting a supersonic wave to top [ a / plane-of-vibration 1] 
Norikazu end-face lb and the opposite side The supersonic wave which 
transmitted waves receives the reflected wave reflected in the body from plane- 
of-vibration 1a, and outputs an electrical signal to the above-mentioned external 
circuit from lead wire 4 through a piezoelectric device 2. That is, an ultrasonic 
vibrator is constituted by the tubed case 1 , a piezoelectric device 2, and lead wire 
4. 

[0024] It is the outside of the location in which the piezoelectric device 2 was 
formed, and it has every one die length A1 in parallel with a center line P1, 
respectively in the location which becomes symmetrical centering on the center 
line P1 passing through the core P of plane-of-vibration la, and openings 3 and 3 
of the shape of radii which has die length B1 are formed in die-length A1 
direction and the direction which intersects perpendicularly on the field of plane- 
of-vibration la which is one of the fields which intersect perpendicularly with the 
shaft of the tubed case 1. The closure of these openings 3 and 3 is carried out 
with rubber. 

[0025] since vibration of the direction (it calls perpendicularly henceforth) which 
intersects perpendicularly with the center line P1 of this ultrasonic vibrator has 
openings 3 and 3 in those both ends - rigidity - weak - becoming - vibrating - 
being easy - it vibrates so that the part which carries out flat-surface vibration 
may become large in the direction which intersects perpendicularly with plane-of- 
vibration 1a compared with vibration of a center line PI and a parallel direction (it 



calls horizontally henceforth). Consequently, it beconnes possible to compare 
horizontally, to make a vertical beam sharp and to make objective detection area 
small, and an ultrasonic vibrator can form directional characteristics with different 
directivity. 

[0026] Moreover, since the rigidity of the perpendicular direction of plane-of- 
vibration 1a changes by changing the center line P1 of opening 3, the parallel lay 
length A1 , or the lay length B1 that intersects perpendicularly with a center line 
P1, the vibrational state of the perpendicular direction of plane-of-vibration 1a 
changes. Therefore, by changing the above-mentioned die length A1 or die 
length B1, a setup becomes possible freely about the sharpness of the beam of 
the perpendicular direction of plane-of-vibration la, and the directional 
characteristics of a supersonic wave can be adjusted. 

(Operation gestalt 2) Drawing 2 is drawing showing the operation gestalt 2 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. As opposed to openings 3 and 3 having been 
formed in the location where a different point from drawing 1 in drawing 2 
becomes symmetrical as a core about a center line PI in drawing 1 at a plane-of- 
vibration la top, respectively In drawing 2 , it is the point that the openings 3a 
and 3a of the shape of an abbreviation rectangle which has every one die length 
A2 in parallel with a center line PI, respectively, and has die-length B-2 in the 
direction which intersects perpendicularly with die length A2 are formed in the 
location which touches plane-of-vibration 1a of side-face 1c of the tubed case 1 . 
Here, a center line PI is a center line passing through the field which has the 
openings 3a and 3a of the side face of the tubed case 1 , i.e., the field which 
intersects perpendicularly with the shaft of the tubed case 1 . 
[0027] Since opening 3a is prepared, vibration of the perpendicular direction of 
plane-of-vibration la vibrates so that the part which carries out flat-surface 
vibration may become large in the direction which rigidity becomes weak, 
becomes easy to vibrate and intersects perpendicularly with plane-of-vibration la 
compared with a horizontal vibration. Consequently, it becomes possible to 



compare horizontally, to make a vertical beam sharp and to make objective 
detection area small, and an ultrasonic vibrator can form directional 
characteristics with different directivity. 

[0028] Moreover, by changing lay length B-2 which intersects perpendicularly 
with the center line P1 of opening 3a, the parallel lay length A2, or a center line 
P1 like drawing 1 , a setup becomes possible freely about the sharpness of the 
beam of the perpendicular direction of plane-of-vibration 1a, and the directional 
characteristics of a supersonic wave can be adjusted. 
[0029] And since there is no opening in plane-of-vibration 1a, it can arrange, 
without restricting the magnitude and the attachment location of a piezoelectric 
device 2, and an appearance also becomes good again. 
(Operation gestalt 3) Drawing 3 is drawing showing the operation gestalt 3 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. It is the point prepared one [ at a time ] in the 
location where opening which carried out opening, having applied to side-face 
connected [ it ] from edge of plane-of-vibration la by drawing 3 to openings 3 and 
3 having been formed in location where different point from drawing 1 in drawing 
3 becomes symmetrical as core about center line PI on plane-of-vibration la in 
drawing 1 , respectively 1b 3b becomes symmetrical centering on a center line 
PI , respectively. And the whole ultrasonic vibrator was covered with 
maintenance rubber 9, and it has fitted into the bumper of a car. Opening 3b is 
also closed by this maintenance rubber 9, and it becomes reduction of 
components mark. 

[0030] Thus, since it applied to side-face lb from plane-of-vibration la and 
opening 3b was prepared, larger opening can be taken, the rigidity of the 
perpendicular direction of plane-of-vibration la can be weakened, it compares 
horizontally and vibration to which the part which carries out flat-surface vibration 
becomes large is perpendicularly carried out in the direction which intersects 
perpendicularly with plane-of-vibration 1a. Consequently, it becomes possible to 
compare horizontally, to make a vertical beam sharp and to make objective 



detection area small, and an ultrasonic vibrator can form directional 
characteristics with different directivity. 

[0031] Moreover, since the rigidity of the perpendicular direction of plane-of- 
vibration 1a changes by changing the lay length B3 which intersects 
perpendicularly with the center line P1 direction of opening 3b, parallel lay length 
A3, or a center line PI, the vibrational state of the perpendicular direction of 
plane-of-vibration la changes. Therefore, a setup becomes possible freely about 
the sharpness of the beam of the perpendicular direction of plane-of-vibration 1a, 
and the directional characteristics of a supersonic wave can be adjusted. 
(Operation gestalt 4) Drawing 4 is drawing showing the operation gestalt 4 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. It is the point that the thin-walled parts 5 and 5 
thinner thickly [ of plane-of-vibration 1a ] one [ at a time ] are formed in the 
location which becomes symmetrical as a core about a center line PI inside the 
tubed case 1 of plane-of-vibration 1a by drawing 4 to every one openings 3 and 3 
having been formed in the location where a different point from drawing 1 in 
drawing 4 becomes symmetrical as a core about a center line PI on plane-of- 
vibration la in drawing 1 , respectively, respectively. This thin-walled part 5 is 
formed in the outside of the location where the piezoelectric device 2 is arranged, 
and is a radii configuration which has a center line PI, width efface fixed in 
parallel, and the depth. 

[0032] Therefore, although vibration of plane-of-vibration la is a horizontally 
simple flexural oscillation, flexural oscillation arises perpendicularly in the part 
which is sticking the piezoelectric device 2, and the part which carries out flat- 
surface vibration becomes large in the direction which becomes easy to vibrate 
for the thin-walled part 5 prepared in the outside, compares horizontally, and 
intersects perpendicularly with plane-of-vibration 1a. Consequently, it becomes 
possible to compare horizontally, to make a vertical beam sharp and to make 
objective detection area small, and an ultrasonic vibrator can form directional 
characteristics with different directivity. 



(Operation gestalt 5) Drawing 5 is drawing showing the operation gestalt 5 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. In drawing 4 , the configuration inside [ tubed 
case 1 ] plane-of-vibration 1a of a different point from drawing 4 in drawing 5 is 
an approximate circle configuration. As opposed to the thin-walled part 5 being 
arranged a little from the periphery of the circle configuration at Core P side In 
drawing 5 , the configuration inside [tubed case 1 ] plane-of-vibration 1a is 
horizontally established for the radii-like curves 7a and 7b on both sides of a 
center line PI, respectively. It is a point used as the configuration which each 
edge of the curves 7a and 7b is connected, carries out an abbreviation 
rectangular cross with a center line PI , and serves as the straight lines 6a and 
6b of abbreviation parallel mutually. And it is the location which becomes 
symmetrical centering on a center line P1 , and it has fixed width of face in the 
location which touches the curves 7a and 7b of the shape of radii of each above, 
and the circular thin-walled parts 5a and 5a are formed in it in the center line PI 
direction. 

[0033] For this reason, compared with the case where the configuration inside 
[ tubed case 1 ] plane-of-vibration 1a is an approximate circle configuration, the 
width efface of center line PI direction becomes narrow. Therefore, the 
horizontal direction of plane-of-vibration 1a vibrates in the narrow range 
compared with a perpendicular direction, can make a horizontal beam thicker, 
and becomes possible [ making objective detection area small ], and an 
ultrasonic vibrator can form directional characteristics with different directivity. 
[0034] At this time, as are shown in drawing 6 (a), and shown in thin-walled part 
1 lof configuration whose core side it is not circular and is straight line parallel to 
center line PI in which thin-walled part has fixed width efface a, and drawing 6 
(b), outside [ both ] may be thin-walled part 1 1c of the configuration which is a 
straight line parallel to a center line PI a thin-walled part 1 lb [ of the 
configuration whose outside is a straight line parallel to a center line PI ], and 
core side. 



[0035] Moreover, if it forms so that the thin-walled parts [ 12a 12b, 12c, and 12d ] 
horizontal die length SI may become larger than the horizontal width efface S2 
in the tubed case 1 inside of plane-of-vibration 1a as shown in drawing 7 (a), (b), 
(c), and (d) Thin-walled parts [ 12a, 12b, 12c, and 12d ] rigidity can be weakened 
more, it can compare horizontally, and a vertical beam can be made sharper. 
(Operation gestalt 6) Drawing 8 is drawing showing the operation gestalt 6 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. As opposed to the thin-walled parts 5 and 5 
which have width of face and the depth respectively fixed one [ at a time ] having 
been formed in the location where a different point from drawing 4 in drawing 8 
becomes symmetrical as a core about a center line PI inside [ tubed case 1 ] 
plane-of-vibration la in drawing 4 In drawing 8 , it is the point that thin-walled part 
5b with the circular configuration where the cross section where width of face 
becomes small at the location which becomes symmetrical as a core about a 
center line PI inside the tubed case 1 of plane-of-vibration la as it becomes two 
at a time deep, respectively is the abbreviation configuration for V characters, 
and it saw from the tooth back is prepared. Moreover, the cross section where 
width of face becomes small may be an approximate circle arc configuration as 
thin-walled part 5b becomes deep. 

[0036] Such a cross section can form easily the thin-walled part of the 
abbreviation configuration for V characters, and an approximate circle arc 
configuration with a sufficient precision by plastic working. Moreover, the 
vibrational state of plane-of-vibration la can be adjusted by changing the die 
length of this thin-walled part 5b, the depth, and a number. 
(Operation gestalt 7) Drawing 9 is drawing showing the operation gestalt 7 of the 
ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and (c 
of a front view and (b)) ] rear view. As opposed to the thin-walled parts 5 and 5 
which have width efface and the depth respectively fixed one [ at a time ] having 
been formed in the location where a different point from drawing 4 in drawing 9 
becomes symmetrical as a core about a center line PI inside [ tubed case 1 ] 



plane-of-vibration 1a in drawing 4 In drawing 9 , it is the point that thin-walled part 
5c with the circular configuration where have every two fixed width efface and 
depth, respectively in the location which becomes symmetrical as a core about a 
center line P1, and it saw from the transverse plane is prepared in the outside of 
the tubed case 1 of plane-of-vibration 1a. 

[0037] Thus, since thin-walled part 5c is prepared in the outside of the tubed 
case 1 of plane-of-vibration la, also after filling up the interior of the tubed case 1 
with a filler, by changing the die length of thin-walled part 5c, the depth, and a 
number, the vibrational state of plane-of-vibration la can be adjusted, and fine 
tuning after manufacture of an ultrasonic vibrator is attained. 
(Operation gestalt 8) Drawing 10 is drawing showing the operation gestalt 8 of 
the ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view and 
(c of a front view and (b)) ] rear view. As opposed to the thin-walled parts 5 and 5 
which have width of face and the depth respectively fixed one [ at a time ] having 
been formed in the location where a different point from drawing 4 in drawing 10 
becomes symmetrical as a core about a center line P1 inside [ tubed case 1 ] 
plane-of-vibration 1a in drawing 4 In drawing 10 , it is the point that 5d of thin- 
walled parts with the circular configuration where have every one fixed width of 
face and fixed depth, respectively in the location which becomes symmetrical as 
a core about a center line PI , and it saw from the transverse plane is further 
prepared also in the outside of the tubed case 1 of plane-of-vibration la, 
[0038] It is made to tune the oscillation mode after making the vibrational state 
made into the target of plane-of-vibration la and manufacturing an ultrasonic 
vibrator by formation of the thin-walled part 5 inside the tubed case 1 using 5d of 
thin-walled parts of the outside of the tubed case 1 here finely. 
[0039] While fine tuning of the vibrational state after manufacture of an ultrasonic 
vibrator is attained by this, the thin-walled part prepared in the outside of the 
tubed case 1 can be made small, and an appearance becomes good. 
[0040] (Operation gestalt 9) Drawing 1 1 is drawing showing the operation gestalt 
9 of the ultrasonic vibrator of this invention, and (a) is [ a side-face sectional view 



and (c of a front view and (b)) ] rear view. The outside configuration of the point 
that the radii-like curves 15a and 15b are perpendicularly formed on both sides of 
the center line PI , respectively of plane-of-vibration la of an ultrasonic vibrator 
which showed drawing 1 1 in drawing 5 is the same as that of drawing 5 . Each 
edge of the curves 15a and 15b is connected, and the points used as the 
configuration which is prolonged in the direction which carried out the 
abbreviation rectangular cross with the center line PI, i.e., the direction in which 
thin-walled part 5a was formed to the center line PI, and in which the straight 
lines 14a and 14b of abbreviation parallel are formed mutually differ That is, in 
the ultrasonic vibrator of drawing 1 1 , width of face with the outside horizontal 
configuration is narrow compared with drawing 5 . A perimeter is covered with 
maintenance rubber 9 and fitting of this ultrasonic vibrator is carried out to a 
bumper. 

[0041] With the configuration of preparing the thin-walled part explained with 
each above-mentioned operation gestalt, as for side-face vibration of the tubed 
case 1, it becomes large horizontally. Then, as shown in drawing 11 , it becomes 
possible to thicken horizontal thickness of maintenance rubber 9 by considering 
as the outside configuration to which horizontal width efface becomes narrow, 
and when an ultrasonic vibrator is held with maintenance rubber 9 and attached 
in a bumper, the effect on plane-of-vibration la can be mitigated. Moreover, the 
outside configuration of plane-of-vibration la is not an approximate circle form, 
and since it is the configuration of having two straight lines of the abbreviation 
parallel prolonged in the formation direction of thin-walled part 5a to a center line 
PI , an appearance comes to show the installation direction to a bumper etc. 
(Operation gestalt 10) Drawing 12 is the side-face sectional view showing the 
operation gestalt 1 0 of the ultrasonic vibrator of this invention. It differs in that the 
level difference section 17 is formed so that width of face may become [ the outer 
wall 16 in the direction of the end side lb side which carried out opening to the 
outer wall of side-face 1c of the tubed case 1 shown in drawing 5 by drawing 12 ] 
thick from the outer wall 19 in the direction of the plane-of-vibration la side. In 



drawing 12 , the ultrasonic vibrator constituted in tfiis way was held with 
maintenance rubber 9, and it has attached in the bumper 10 so that the level 
difference section 17 may stop inside a bumper 10. 

[0042] With the outer wall 16 constituted so that this width of face might become 
thick, the rigidity of the tubed case 1 can be strengthened and plane-of-vibration 
la can be vibrated more greatly. At this time, the appearance attached in the 
bumper 10 can be made small. 

[0043] Drawing 13 shows the example which gave the taper 18 to the level 
difference section 17 shown in drawing 12 . This becomes possible to 
manufacture the level difference section 17 in forging, and a manufacturing cost 
can be reduced. Also in what forms thin-walled part 5b in plastic working, and 
manufactures the tubed case 1 as drawing 8 showed, it manufactures in forging 
as well as processing of the level difference section 17, and a manufacturing cost 
can be reduced. 
[0044] 

[Effect of the Invention] In the ultrasonic vibrator which an end side carries out 
opening of the invention of claim 1 , and prepares a piezoelectric device in the 
tubed case inside abbreviation center section, makes the other end side of the 
tubed case where the other end side was blockaded a plane of vibration, and 
performs wave transmission and wave-receiving of a supersonic wave as 
described above Since said tubed case has opening in the location which 
becomes symmetrical as a core about the center line passing through each core 
of the field which intersects perpendicularly with the shaft, vibration of the 
direction which intersects perpendicularly with the center line of a plane of 
vibration Since opening is in the both ends, it vibrates so that the part which 
carries out flat-surface vibration may become large in the direction which rigidity 
becomes weak, becomes easy to vibrate and intersects perpendicularly with a 
plane of vibration compared with a center line and a parallel vibration. 
Consequently, it becomes possible to compare horizontally, to make a vertical 
beam sharp and to make objective detection area small, and an ultrasonic 



vibrator can form directional characteristics with different directivity. 
[0045] Moreover, in invention according to claim 1, since said opening is formed 
in said plane of vibration, as for invention of claim 2, the same effectiveness as 
claim 1 is acquired. 

[0046] Moreover, it can arrange by invention according to claim 1 setting 
invention of claim 3, without restricting the magnitude and the location of a 
piezoelectric device, in order not to prepare opening in a plane of vibration, while 
the same effectiveness as claim 1 is acquired, since said opening is formed in 
the side face of said tubed case, and an appearance also becomes good. 
[0047] Moreover, in performing wave transmission of a supersonic wave, and 
wave-receiving, since it is formed in the side face of said tubed case from said 
plane of vibration, applying said opening and the rigidity of the formation direction 
which could take large opening and formed opening to the center line of a plane 
of vibration can be weakened, invention of claim 4 can improve the different 
directivity of the directional characteristics of a beam in invention according to 
claim 1. 

[0048] Moreover, since invention of claim 5 changes said center line and parallel 
lay length of said opening and adjusts the directional characteristics of a 
supersonic wave in invention given in either of claim 1 to claims 4, it can change 
the directional characteristics of a supersonic wave. 
[0049] Moreover, since invention of claim 6 changes the lay length which 
intersects perpendicularly with said center line of said opening and adjusts the 
directional characteristics of a supersonic wave in invention given in either of 
claim 1 to claims 4, it can change the directional characteristics of a supersonic 
wave. 

[0050] Moreover, an end side carries out opening of the invention of claim 7, and 
prepare a piezoelectric device in the tubed case inside abbreviation center 
section, make into a plane of vibration the other end side of the tubed case 
where the other end side was blockaded, and it sets to the ultrasonic vibrator 
which performs wave transmission and wave-receiving of a supersonic wave. 



Since said plane of vibration lias a thin-walled part with thin thickness centering 
on the center line passing through the core in the location which becomes 
symmetrical, vibration of the direction which intersects perpendicularly with the 
center line of a plane of vibration Since a thin-walled part is in the both ends, it 
vibrates so that the part which carries out flat-surface vibration may become 
large in the direction which rigidity becomes weak, becomes easy to vibrate and 
intersects perpendicularly with a plane of vibration compared with a center line 
and a parallel vibration. Consequently, it becomes possible to compare 
horizontally, to make a vertical beam sharp and to make objective detection area 
small, and an ultrasonic vibrator can form directional characteristics with different 
directivity. 

[0051] in invention according to claim 7, as for invention of claim 8, the 
configuration inside [ said / tubed case ] said plane of vibration is prolonged by 
said thin-walled part in the formation direction currently formed to the center line 
of said plane of vibration - mutual - abbreviation - since it is the configuration 
which has two parallel straight lines, a center line and the beam of a horizontal 
supersonic wave can be made thick, and the different directivity of the directional 
characteristics of the beam of a supersonic wave can be improved. 
[0052] Moreover, in invention according to claim 8, since invention of claim 9 is 
said more than parallel lay length of said plane of vibration which has said center 
line and parallel lay length of said thin-walled part between each thin-walled part 
prepared in said location which becomes symmetrical, it can make thick a center 
line and the beam of a vertical supersonic wave, and can improve the different 
directivity of the directional characteristics of the beam of a supersonic wave. 
[0053] Moreover, in invention according to claim 7, since said thin-walled part is a 
configuration to which width efface becomes narrow toward the depth direction, 
invention of claim 10 can form a thin-walled part with a sufficient precision easily 
in plastic working in manufacture of a tubed case. 

[0054] Moreover, in invention given in either of claim 7 to claims 10, since said 
thin-walled part is prepared inside said tubed case of said plane of vibration, as 



for invention of claim 1 1 , the appearance of a tubed case becomes good. 
[0055] Moreover, in invention given in either of claim 7 to claims 10, since said 
thin-walled part is prepared in the outside of said tubed case of said plane of 
vibration, after filling up invention of claim 12 into the interior of a tubed case with 
a filler, it can adjust the vibrational state of a plane of vibration to arbitration with 
the die length of a thin-walled part, the depth, and a number. 
[0056] Invention of claim 13 is set to invention given in either of claim 7 to claims 
10. Moreover, said thin-walled part Since it is prepared in both the inside of said 
tubed case of said plane of vibration, and the inside, The vibrational state which 
serves as a target of a plane of vibration by the thin-walled part prepared inside 
can be formed, the vibrational state after manufacture of an ultrasonic vibrator 
can be finely tuned by the outside thin-walled part, since an outside thin-walled 
part is formed for fine tuning, the magnitude can be made small and an 
appearance becomes good. 

[0057] Invention of claim 14 is set to invention according to claim 7. Moreover, 
the configuration of said tubed case outside of said plane of vibration it extends 
in the formation direction in which said thin-walled part is formed to the center 
line of said plane of vibration - mutual - abbreviation, since it is the configuration 
which has two parallel straight lines Since thickness of the maintenance rubber 
holding a tubed case can be enlarged in case the center line of said tubed case 
and parallel width efface become narrow and an ultrasonic vibrator is attached in 
the bumper of a car, the effect on [ from the bumper installation section ] a plane 
of vibration is mitigable. Moreover, the formation direction of a thin-walled part 
can be known from the appearance of a tubed case. 
[0058] Moreover, in invention given in either of claim 1 to claims 14, since 
invention of claim 15 manufactures said tubed case by the forging process, it can 
reduce the manufacturing cost of a tubed case. 

[0059] Moreover, invention of claim 16 is set to invention given in either of claim 
1 to claims 15. Since the level difference section is prepared in the side face of 
said tubed case so that the direction of said end side side which carried out 



opening may become [ the thickness of the outer wall of said tubed case side 
face ] thicker than said plane-of-vibration side, While being able to make small 
the appearance when attaching an ultrasonic vibrator in the bumper of a car, the 
rigidity of a tubed case can vibrate strength and a plane of vibration more greatly 
with the outer wall with which the thickness by the side of the end side which 
carried out opening became thick. 

[0060] Moreover, in invention given in either of claim 1 to claims 16, since said 
level difference section is a taper configuration, manufacture of invention of claim 
17 by forging of a tubed case is attained, and it can reduce a manufacturing cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the structure of the ultrasonic vibrator 
corresponding to the operation gestalt 1 of this invention, and (a) is [ a side-face 
sectional view and (c of a front view and (b)) ] rear view. 
[Drawing 2] It is drawing showing the structure of the ultrasonic vibrator 
corresponding to the operation gestalt 2 of this invention, and (a) is [ a side-face 
sectional view and (c of a front view and (b)) ] rear view. 



[Drawing 3] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 3 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 4] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 4 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 5] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 5 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 6] It is drawing showing other structures of an ultrasonic vibrator same 

as the above, and each of (a), (b), and (c) is rear view. 

[Drawing 7] It is drawing showing the structure of further others of an ultrasonic 

vibrator same as the above, and each of (a), (b), (c), and (d) is rear view. 

[Drawing 8] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 6 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 9] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 7 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 10] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 8 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 1 1] It is drawing showing the structure of the ultrasonic vibrator 

corresponding to the operation gestalt 9 of this invention, and (a) is [ a side-face 

sectional view and (c of a front view and (b)) ] rear view. 

[Drawing 12] It is the side-face sectional view showing the condition of having 

attached the ultrasonic vibrator corresponding to the operation gestalt 10 of this 

invention in the bumper of a car. 

[Drawing 13] It is the side-face sectional view showing other structures of an 
ultrasonic vibrator same as the above. 



[Drawing 14] It is drawing showing the structure of the conventional ultrasonic 
vibrator, and (a) is a front view and (b) is a side-face sectional view. 
[Drawing 15] It is drawing showing the condition of having attached the horn in 
the conventional ultrasonic vibrator, and (a) is a front view and (b) is a side-face 
sectional view. 
[Description of Notations] 

1 Tubed Case 

1a Plane of vibration 
lb End side 

2 Piezoelectric Device 

3 Opening 

4 Lead Wire 
PI Center line 
P Core 
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[Drawing 2] 
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[Drawing 5] 
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[Drawing 8] 
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mm^2^ftSt)<i-ttrgfiEL. SKSl ai:LTV^^o 

in^^hti:ii^'mm^2^mm^'^x. mmmiax^ 
JiiE-Jssi h t^Mmn^m=^&^mf^i'^tth{z. 

v^mi^. }±mm't-2^^ri.xm^m^'^})-b^m4x 

-So 

[0 0 2 4] w\^^—^i(DiAtm^'r^m<o—r>xh 
20 ^mmmi a<7)®jbicii. jEa;^^2cD^^t^^^ysl{is 

tWn^^^icM^Ai^^L. i^r^iric^i^-r^ 
;^f^{c^$B 1 <£r*ri-SRgfli#t(^?iip|fi53, 33&s^jtib 

[0 0 2 51 :i<^^#^S^ftT-0£t^.ii^^p 1 tm^^-r^ 

mQUs, 3t>^^fz ie>P9ytt;55|| < /^^ o xMWi u-^-f < 

y r^/h^<-r5r <h;$2pjtgt/^i9, 

[0 0 2 6] ^/c, ^P^FI5 3C>4^.L^^P 1 ^5p^y;^(^£o 
S$A1, fe^V^ti4^/il>j^P 1 ^iE^-r'5:*-f^O:^$B 
i^^H"r^:i<!:{cJ:t), SKi® i a (7)Sii:*f6]<Di!Ji4 

40 -t^zt x\ mmm i a cosii::^i^<^ tr-i^ogi^ e 

2^7jk'tmx^^ . (a) (iiEEIgl. (b) MJ®l8r® 

(c) ^^g'^m-efeSo l§I2^;l*5v^T|gIl ts^.^^ 

xMm^tfj^^&m^z^ti^'timnns, sr^^i-fhtix 
\f^tz<Di,cMLx. m2x\t.mik^—^io:>mmi ccom 
mm 1 a tg^-rsffiSici, ^ti^-ti i o-r oitJ^L^isp i 
tW'nyj\^{z^^A2^m\^. ^^A2tm^-t^:^\^ 

50 {C;g$B2^:ti-5a&S*JF^)KOg|PSP3a, 3 a 
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[0 0 2 7] mm^i a (D^iE*-i^(DjgK(:5:, r^pas 

a X)582: n t V ^ 5 4!)|^JJttj6i|§ < o Tilib L-^-f < 
[0 0 2 81 El 1 irl^l^Jcr^PaJS a (Df^i.L^Ilp 

B 2 ^^Mi-s zt-c. mmm 1 a (o^ii: 

[0 0 2 9] ^LT^;t. mmmi a icPPg|5;65/^l.>(D 
T\ EE®^^^2<Obc#$^8fi»5ottteB^fflPfi^t-r{CiE 

3 ^^i-m-Cfe «9 . (a) fiJE^I^. (b) (tlWJffigfia 
(c) |j:=S®iar-^^o DSlCjol/^TIg} 1 (b^^'c^^ 

^fi. |gllT*^iilefK)®l a_btc, ^'L^mp i^^^t-ti. 

v^yhotc*tL-c. msxi^mmmi acomm^h^tiic 

mP 1 %:^'L-\^MWtfj:^iiLmi>^. o-fo^ 

iJp:«p=fA9tCj;i9giPa5 3 b tMihL-C^it), SJd^.^^ 

[0 0 3 0] roj: lilttffil aTi^b^fj® 1 bicf)> 
ttrr^PaS3 b^i9:tt/c^c46. ^pSS^J: < 

ci^d^r-t. MSbao 1 acoSii::*-[6](7)iijtt^^li6'5wi 
;dST?#. 7K^:^r6]t-Jt^TSit*f6jfitgi!j® 1 a <i:ii:^^ 

TiKiflco«^^:iiy r^/h$<i-^r ^:;5SprSg^/j:»9. @ 

[0 0 3 1] ^tz. muU3 h(D^sbmp i:^\^tWn 
:^\^(D^^A3. :^^\r^'i:fp*L-BP 1 tm:^ir^:^m(D 
S$ B 3 ^^M-rS C i J; t) . tiift® 1 a (T^SS^IrI 

(a) (ijESI^. (b) li^KfJSKIrffi 

m. (c) {t'wmmxh^o m4\z:!if6\,^xmi tm^£^ 

T»$J^^?:^5{fi:Etw-^^x^'nio-ror^pa5 3. 3;6S^ 
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tt«btuTv>fccoic:»Lr. H 4 TCiiglSd® 1 a (DtfJ^^^ 
1 ortWic, 4»'D^P 1 Sr^f^'L^^ \^xnwt^j:^{t 

atd^tt^-m o-f ojgt!j® 1 a<oi*ii?j:f9a?i^aj^ifi5 

m.m^2:d>^m^tiX\^^^itLm<DmM\::^{1-htiX^ 

[0 0 3 2] ^(Dtllt^ 1 a <DmW)\t. 7K¥:frr^ 

\tmm£fzi:^^mmxk^^K mm:^\^i^&mm^2^ 
\ihtix\i^^m\ku^(DtLi^\zmm\^'^'t<t^^ . 

f^c^K'-^SrSJi< LT^^«s:<7)«i^3iy T^/h$<i-5:: 

B^TT-^mXh^ . (a) {^:iE®lll. (b) 

(c) ll'ffSlilT'feSo |gl5(C*5V>T|El4 
^fi. 1^ 4 T'lilgid® 1 a OfStt-ir-^ 1 I^^ijOff^t*^;^^ 

B&Rjf^4^r'fc!9. ^(op\m^(o^mx^^^^st-pm{z. 
n^nst^w.m^rtx\^'^^(D\z.n\^. msx\'tm.m^\ 

a <7)M:bt>Jr— i }hm<om^t^^ ^^L-mP 1 ^S^A/T-^ 
tt-t-ttTK^^-rPjJ-RSfllH^tO^ia? a , 7 b;OS^(t?^tl. 
'e<^a^7a, 7 bC0^n^*no$^a;65MfmT. ^''L^ 
Hp 1 irB&iE^gL. Sv^lCB&spff (7)11:1^6 a, 6bi:?i 

H7a, 7 b <irSt-5ffig{c:. -^coi|rI>^;rb4"'il^aP 
30 1 :^r^tcR3!ttJbt'Cfc 6^^955 a , 5 a ;ii5^tt ?>ttTl/^ 

-So 

[0 0 3 3] :z(Dtzisb. mm^i 2L<D^v^^—>^imm 
(Dmm^mmmxhhm^i,c^-<x. ^*L-mpi:^\^ 

:^i^tit^xm\^^mmxmm\.. 7K¥:^rsi<Dt'— a^j: 

[0 0 3 4] z(Dt^. me (a) iCTTk-rxoiiZ., 
40 Uf>^-'^m^^m-t^v\m.^xtj:<. ^'b^mm^L^i^p 
i\^w-n^^mMx^hm^(Dn^ni i a. me (b) 

(c^-r J: 0 (c. ^mf)^^'bmP l fd^fr/c^E^r-fe-Sff^ 
4^a)^^gpi 1 b. ^'t-Ms ^m<DWi:^ii^^ ^t-f^P i\z 
W^fmmX^^mi^tDW^^ni 1 cT-fcoTt>J:V\ 

[0 0 3 5] ^/c. mi (a) (b) (c) (d) IC^ 
-TJ: -Pic, iS^gPl 2 a , 12 b. 12 c, 1 2 d (7)7K 
^^•f^cog^c S 1 ;55igt|,tg 1 a (DWi^^—:^ 1 l^jIiJtc::Js 

t^W^Ul2a, 12 b, 12 c, 1 2 d (T^pgiJtt^i: 

50 ^%%if>^:Ltt>x^. ;!K¥*f^(-lt-<TiliE:frf^(Ot:*- 
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6^7j^i-E|-e*)«9. (a) «iE®l2!. (b) llffllJDBISTffi 

(c) Jl^®IiIT'$?5o EI8(C:feV>rii)4 

^fl?i|^r'^«9. "^^t^h^timmm^^x^^n^n 

[0 0 3 6} :L^jjior^mmtmy'-¥wm^ ^m'sm^ 
<Dn^n\t.mm]\T.x^^{z,mm^<mjSLx^ * 

7 ^m-tmx^y) ^ (a) fijE®^. (b) 

(c) n=sc5EiTfc^o m9\^ih\i^xmA tmt^^ 

^li. Iil4r-*l}lt!l® 1 a <7)fiJ4^<5r — 1 F^fRlJtC, cfa^il^ 

j^P 1 ^^'L^t LT^»i: n^^fiStc^tt^^tb 1 o-To 

^.l>«sp 1 ^4^^L^i: \^xnwtfji^\tm\^'trL^t\. 

[0 0 3 7] COJ: ??^gi5 5 c;6S^ift®l ei (On 

u^it^m^xitmi^tLmxi,^ m^^s c(DS:^^ m 

ms^Tfsirmxh^ . (a) jiiESIil, (b) (i{|iM»r 

ffim. (c) jiWffin-efeSo mi o(c*3VNTia4^s 

v^y^:(o^c:^tLT. m oT*n$etcisffii® i a<ofg^^^-^r 
-;< i co^iiyjcb, ^'L^ISP 1 $r*^i:^<h 

^^Xh^o 

[0 0 3 8] cc-c, ^^^—:^i<Dp^m(om^t^s<r> 

i(D^m(Dn^U5 d^m\i^xm^ieLumi' 
[0 0 3 9] citticj:>9. m'^&ism^(omm.^<Dmm 
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[0 04 0] (HiffiJ^® 9 ) H 1 1 li:*«M<^>ie^&ig 

Wi^(o'mmmm9^7j<^mxh^ ^ (a) ^^lEffiigi, 
(b) itiRii®»r®Ei. (c) it^mmmx^^o miwt. 

m 5 L3tj@iPiftlg®J-7-OS»® 1 a O^D5Jg4^;5S, 
*^L^«|P 1 ^^A^X^tl^ithmm.^\^\zV]^^o:>^m\ 
5 a, 1 5 b;6^I^ite>nTl^5;^ltI2l5 <tf^:^T-fe»9 . 
70 -tOft^ 15a. 15b O^n-^-'noiSSffld^Jgfi-;^!: , 
^•'L^^P 1 i:li»it35L/::;*f^. ■f'^DIlP 1 (c^L 

TI5l*lffl5 5 a ;6S?F^^^nfc;^r^{C®U?-5SlMc:BS^^fO 
ii:^l4a, 1 4 b^s?F^;*$^^5Ji^^^^/j^oTi.^6^;5S 

m^^^. 'rti:t>^. mil Kom'^mmm^x^tms^z^ 
^^(om'^i&mm^i'X. mm:^mi^=^j>^9xmt:>tiy<>y'^ 
[0 04 1] ±m^mmmmxmm\^ftmmt^%:mfz 

20 /.^^o t:iX\ mi liZTsk-rXo^c^W-^i^coiiMib^WiK 
^9Xi^^LXy<>y<—iiZ^y)Hi'ftzt^. ^IftOil a 

^(os^^^m^i-^zttf^x^^o ^fz. mmmiao) 
^mmik^mFimxti:< . ^^t^mp i izM-r^m^^s 
a <Dm0.:^\^{cmx^^^W'n(o 2 mm^^-r^m^x^ 

(Mmmmi o) mi 2n^mmcom'^f&mw}^(Dmm 
30 mm 1 0 ^TjkTm^mmmxh^o m 5 tc:^ i.tcm^^ 
1 (omm 1 c (o^m\z, mi 2 x\,-tm p \^it—mm 
1 b m(D:^(Dn^m. 1 6 mmm 1 a ^rijco ;i^(7)^M 1 9 

^i*'7-^{?:it=rA9T*f^|^LT. ^||gl5 1 7;6S/<Wn'- 
1 0 c^l^iRiJtC^.ihf -5 ct 9 \Z^Oy<-' 1 0 tc^ »9 Hnx 

[0 0 4 2] w(0<@;dS;fc</^5j:5{;::^^$;jT^y^-^^i 

6 (d J: J9 . f^^^— ;^ 1 (Dwm^^ybxmmm 1 a ^ J: 
40 ^±^<mm^^^:Ltt>x^^. wCot#. x<w>?- 
1 o(ci?i9f+Jtyt^a^/h$<T?#5o 
[0043] mis igii2 ty^^Mas 1 7 
—^<iB^mz'^tLm^7ri\^x\f^^o ctLjd«t*9. 

SPl 7SrffirigAnx»c:T®i5g-rsr ^7l»SpTtg,h/^^, Sjjig 

^^v^nmx^s^o iii8T*:^uyhct 3tc:an4*DxfcT 

?^f*)§|55 b^?fMLTfU^bt<Jr-;;^ i ^mmir^h<D{Z^ 
V^Tt. ^HgPl 7cD;«JDX<h[^^td®igJ!jDXidT®i5gL 

[0 0 4 4] 
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^ <o ^t^u {zmam-h^fzib mm^ < /.e o r mm l 
[0 0 4 5] ^fz. m7^^2(Dmm\t. m^mimm<D 

^ ^ 46 V "'T ^ mi lE^ P Bi5 'rXm6cMW}\S}^Z7r^nK H o '/h 
[0 0 4 6] Ig5ft3g3<0^5gji. if*«llE4feO 

fH^ti^fzib. m^mi tmm<D^^7f)mhti^tth 
mmmizmuu^mf^j:\^^fzi^. mmm^(o±^:^ 

[0 0 4 7] ^fc. m^m4<D^m\t. m^mim®.<D 

—:7.(Dmm\zf)^fxmfii^ti^tzib. mnu^±^<t 
^w^>os-c#. Mmm<D^'bmii^MLxma^^mf^i^ 
fzmf^:^i^<Dnm^mi^^:itt^x^^(Dx\ ®^iS<D 

ins. S«$rtT5(-fofc!9. t'-A<75}trS)i|#14<?5m:i^f6] 

[0 0 4 8] IS*«5(O^P>gH, iS^^l;5i>6t» 

*:^4(^>v^m;^»^c:S5«co^5gtc:4oV^T. MKMP«fl5<o 

[0 0 4 9] *fc. ft*«6(7)^Wfi. fS^JSl Tidbit 
^^4(OV^-rtt;i^^c|^4g<^^^^c*5V^T. HiJi5^PSlJ(D 

[0 0 5 0] ^fc. f»^Jl7(D^P^|±, -iSffi;55r?^R 

L. mi&m^mm^titzWi^&'—y^coi&tQm^. ^(d^ 
^^-:^p%mm^^mzi£m.m^^m'fxmmmtL. 

m=^^&(Dm^Rrj^&^nom=^&mm'F\z:jrs\^^x. tti 

{iLm.i,^m^<om\^m^u^mi'^tzisb. mmm(Dtp.L^i^ 

mmr^m<^j:oxmmL^i-<^^^ . ^'LMtw-n:^ 
\^(Dmm{z)t^x . mmmtm^'r^:^fi\izW'mmm'r 
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[0 0 5 1] 8 (ommit. m^m 1 ^m(r>^mz 

JfM*-r^ 5 S V N ^^T /.f 2 o C7) 5 ^ 

[0 0 5 2] ^fc. IS*Jl9c7)^0^f*. st*Jl8|E$fe<0 

/o mmm^hfii^^m^WL\^^Mz^nnmA\^ih 

^Wi^Wmm(D-^^W^^n<n^^^J.±.X^^fz^^ ^ 
[0 0 5 3] ^/c, fijR^ii 0(/0^e^f3:, 3i*:3S7tEgj 

20 [0 0 5 4] ^ft. m^mi ico^m^. m^m7t>^h 

tmmi o^75v^-fi^/J^^;ll^«c^7)^p^^c*5l^-c. mt^mik 
mte.Mmm<Dwitd.m^^—^<Dj;^m\z^nhtix 

[0 0 5 5] ^ti. m^mi 2<D^mit. m^m7f>^b 

if*3ll 0OV^•ftt;^McfH®(?D^PJ^;I:}t3V^T. ^IHS?^ 

v^5)t^^>. i^^^—:^<oi^wz^mmzx^m\^fzm\^ 

[0 0 5 6] i^ti. if*Igl 3CO^^{l, ff^^7;5^^ 
ff^Jli 0(7)UN'm;?ii^t;i|2Ko^p^(c:46V>r. MfESE^ 

tf)^x^. ^m<Dm^u\tMm^<otzib\zmf&^ti^tz 

[0 0 5 7] ^^c. fS*Jll 4cO^P^fj:, fSjft^7|E® 

it^ji. m\wmim(o^*t-m\zn\^xmunnmmi&^ 
^x\^^hw^f&:^\^\zmxj^hm^\z^W'n^i:2-^(om.B^ 

[0 0 5 8] ^tz. m^mi 5(Dmm}t.s tmmi^^b 

50 m^^l 4(D\,^irM>\Z'^m(Dmm\Z:id\r^X. ^UWi^ 
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[0 0 5 91 IS*^gl ^(0^m\^. im^^l-h^h 

[0 0 6 01 *3^c, 7<Dmm\t^ m^mit^h 

[lasofflfm^^lft^^l 

m 1 ] *»^<^JI«£?l0ffi 1 fcmi-SS^&Stb-7'<^ 

^it^^i-HT'^oT. (a) f^iEffiia. (b) \tmm 
mmms (c) ti^^rfsigi-cfe^o 

[13 2 1 ^%m<om:mmm2[z.nm'r^m'smm^-(o 
m^^^^-trnxh-DX^ (a) (b) \%m^ 

m^m. (c) tiWffiiHT'fc^o 

[Hal ^^m(D%mmmz\z.n)$:^-r^m'^^i3m^o:> 
mm^^-rmxh^x^ (a) tiiEoBia. (b) vi.mm 
mmm. (c) fiWffii§]r'^5o 

m^^TTi^mxhox. (a) (iiEaaii. (b) \mm 
mmm. U) i-t^w^mmxh^. 

mm.^Tr^-tmxthox, (a) fiiEsui, Cb) \'tmm 
mmm. (c) fiWffiEiT'fc^o 

[1^6 1 m±.(Dm=&^um^<Di'^(Dm^^^7T^'i'mxh^ 
(a) (b) (c) k^\^^^t\.hmmmx^^o 

m 7 1 i^±os^is^g«i^<^MJcfi&<D«jt^^-ria-c 



30 



h^X. (a) (b) (c) (d) fiV^-fixt^rfffiHT- 

mT^^Tjk-rmx^y^X. (a) l^iiEEH. (b) Jlffljffi 
©TSUI, (c) lil^ffilUTfe^o 

mtS^TjkirmXhoX, (a) (;ijE®l21. (b) fiWffi 
KfT®ll. (c) ti=^^®ll-T?^5o 

[Hi 0 1 >^^m(ommmms{zMJtir^m=^iRmm^ 
JO (omm^rTfi-rmxh^yx. (a) itjEsigi. (b) \tm 
mmmm. (c) jtwEisiT'feSo 

[Hill ^^m(Dmmwm9{z.MJt^'r^m=^i&mm^ 
(^mi^^Tj^-rmx^^^^Xs (a) *iiesim. (b) itm 
mmmms (c) (^^wsisi-efeSo 

[mi 3 1 |S]±(DS^SilgKi^(Of&<75«it^^i-{|iJE»r 

20 mi 4] vtm<Dm'^'^mm^(Dmm^^-tmx^<> 
(a) t^iiEsij. (b) \:i:mmwtmmxhi>o 

m^T^-rmx^^X^ (a) f;iiE3all, (b) 
1 a 



1 b 
2 
3 
4 

P 1 
P 



121 



I 1 2] 



1 31 




(b) 
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